Purpose: The aim of the study was a systematic review of refractive errors across the world according to the WHO regions. Methods: To extract articles on the prevalence of refractive errors for this meta-analysis, international databases were searched from 1990 to 2016. The results of the retrieved studies were merged using a random effect model and reported as estimated pool prevalence (EPP) with 95% confidence interval (CI). Results: In children, the EPP of myopia, hyperopia, and astigmatism was 11.7% (95% CI: 10.5e13.0), 4.6% (95% CI: 3.9e5.2), and 14.9% (95% CI: 12.7e17.1), respectively. The EPP of myopia ranged from 4.9% (95% CI: 1.6e8.1) in SoutheEast Asia to 18.2% (95% CI: 10.9e25.5) in the Western Pacific region, the EPP of hyperopia ranged from 2.2% (95% CI: 1.2e3.3) in South-East Asia to 14.3% (95% CI: 13.4e15.2) in the Americas, and the EPP of astigmatism ranged from 9.8% in South-East Asia to 27.2% in the Americas. In adults, the EPP of myopia, hyperopia, and astigmatism was 26.5% (95% CI: 23.4e29.6), 30.9% (95% CI: 26.2e35.6), and 40.4% (95% CI: 34.3e46.6), respectively. The EPP of myopia ranged from 16.2% (95% CI: 15.6e16.8) in the Americas to 32.9% (95% CI: 25.1e40.7) in South-East Asia, the EPP of hyperopia ranged from 23.1% (95% CI: 6.1%e40.2%) in Europe to 38.6% (95% CI: 22.4e54.8) in Africa and 37.2% (95% CI: 25.3e49) in the Americas, and the EPP of astigmatism ranged from 11.4% (95% CI: 2.1e20.7) in Africa to 45.6% (95% CI: 44.1e47.1) in the Americas and 44.8% (95% CI: 36.6e53.1) in South-East Asia. The results of meta-regression showed that the prevalence of myopia increased from 1993 (10.4%) to 2016 (34.2%) (P ¼ 0.097). Conclusion: This report showed that astigmatism was the most common refractive errors in children and adults followed by hyperopia and myopia. The highest prevalence of myopia and astigmatism was seen in South-East Asian adults. The highest prevalence of hyperopia in children and adults was seen in the Americas.
Introduction
Refractive errors are the most common ocular problem affecting all age groups. They are considered a public health challenge. Recent studies and WHO reports indicate that refractive errors are the first cause of visual impairment and the second cause of visual loss worldwide as 43% of visual impairments are attributed to refractive errors. 1 In a review study, Naidoo et al. 2 showed that uncorrected refractive errors were responsible for visual impairment in 101.2 million people and blindness in 6.8 million people in 2010.
Refractive errors also affect the economy of different societies. 3, 4 According to a study by Smith et al., 4 uncorrected refractive errors result in an annual economy loss of $269 billion worldwide. According to this report, 4 this index was $ 121.4 billion in individuals above 50 years.
A review of the literature and medical databases reveals that many studies have been conducted on the epidemiology of refractive errors across the world since 1990. 5, 6 Although numerous studies report the prevalence of refractive errors every year, many new articles are published on the epidemiology of these errors annually due to their importance and prevalence.
Although recent studies 7, 8 suggest an increase in the prevalence of myopia due to lifestyles changes, differences in ethnic groups, measurement methods, definitions of refractive errors, and age groups of the participants hinder a definite conclusion regarding the pattern of the distribution of refractive errors worldwide.
The distribution of refractive errors is not equal in different countries. A high prevalence of myopia in East Asian countries is a common finding in most previous studies. 7 However, there are some controversies regarding hyperopia. Although some studies have shown a high prevalence of hyperopia in Europe and western countries, it is difficult to make a conclusion since most of these studies were conducted on the elderly, and the high prevalence of hyperopia in this age group is a normal finding due to lens changes. Considering the diversity of the results and use of different definitions and measurement techniques, we decided to evaluate the prevalence of refractive errors across the world in this meta-analysis. Moreover, the status of refractive errors in the world is presented according to the WHO regions in this report.
Methods
The present meta-analysis was conducted according to the Preferred Reporting Item for Systematic Reviews and MetaAnalysis (PRISMA) guidelines. 9 
Search strategy
To extract articles from 1990 to 2016 on the prevalence of refractive errors for this meta-analysis, international databases including Medline, Scopus, Web of Sciences, Embase, CABI, CINAHL, DOAJ, and Index Medicus for Eastern Mediterranean Region-IMEMR were searched. The literature was reviewed using a combination of words like population (children, student, adult, and related MeSH terms), outcome [refractive error, myopia, hyperopia, astigmatism, spherical equivalent (SE), cylinder power], and study design (prevalence, ratio, cross-sectional, survey, descriptive, and epidemiology). A search strategy was developed for MEDLINE which then used for other databases. Table 1 presents the details of the search strategy. In addition, the reference lists of all searched studies and reviews were evaluated to find similar studies.
Study selection
After an extensive search, all studies were entered into EndNote X6. Duplicate articles were identified and removed using the duplicates command. Relevant articles were selected in three phases. In phases 1 and 2, the titles and abstracts of the studies were screened, and irrelevant articles were excluded. In phase 3, the full texts of the studies were carefully evaluated. All three phases were conducted by two interviewers independently (S.M. and F.J.). It should be noted that the reviewers were blind to the process of article selection.
The two reviewers had 81% agreement in finding similar studies and 88.7% agreement in data collection. In the remaining 11.3%, the results were evaluated by a third reviewer (M.P.), and the required data were extracted.
Data extraction and assessment of study quality
The title and abstract of each article was carefully evaluated by 2 reviewers, and data such as the first author's name, publication date, study location (country), study design and characteristics, participants' characteristics (age, sex, sample volume), definitions used for the prevalence of refractive errors, and the prevalence of refractive errors (myopia, hyperopia, and astigmatism) were extracted. The quality of the selected articles was evaluated by the 2 reviewers using the STROBE checklist that contains 22 questions on the methodologic aspects of descriptive studies including the sampling method, study variables, and statistical analysis. The quality assessment results were classified into low quality (less than 15.5), moderate quality (15.5e29.5) and high quality (32e46). Low quality studies were excluded from the meta-analysis. 
Eligibility criteria to select articles for meta-analysis
For studies on children under 20 years of age, only the studies that used cycloplegic refraction were selected for the meta-analysis. For studies on adults, the results of age groups above 30 years were included in the meta-analysis. For studies that were conducted on all age groups, if cycloplegic refraction was used, the first author was contacted by email to obtain the results of cycloplegic refraction in participants below 20 years of age and the results of non-cycloplegic refraction in participants above 30 years of age.
Statistical analysis
To compare the prevalence of refractive errors in the six WHO regions, we estimated the prevalence of myopia, hyperopia, and astigmatism in each region based on studies with a similar methodology and definition of refractive errors.
Statistical analysis was performed on all studies that were entered into the meta-analysis. The binomial distribution formula was used to calculate the variance and estimated pooled prevalence. The Q statistic with a significance level of 10% was used to evaluate the presence of heterogeneity, and I 2 was used to determine the amount of heterogeneity among studies. To merge the studies, the random effect model was used if there was heterogeneity, and the fix model was used if there was no heterogeneity. The estimated pool prevalence (EPP) was reported for children and adults separately according to WHO regions.
In this study, the WHO regions according to the most recent classification were African Region, Region of the Americas, South-East Asia, Europe, Eastern Mediterranean region, and Western Pacific region.
The forest plot was used to show the total and specific prevalence of refractive errors. Finally, meta-regression analysis was used to evaluate the trend of the prevalence of refractive error with the study year and sample size. It should be mentioned that all analyses were performed with the STATA software version 11.2.
Results
A total of 9334 articles were identified in this study. After excluding duplicate studies, the titles or abstracts of 4629 articles were reviewed. Then 4326 articles were excluded after reading their abstracts with regards to the inclusion criteria of the study, and 140 articles were excluded after reading their full texts because the required data could not be extracted. Finally, 163 articles were used for the final analysis. However, the number of articles was different for the meta-analysis of myopia, hyperopia, and astigmatism, which is explained in detail in the following sections. Fig. 1 shows the phases of article selection. Table 2 presents a summary of the results of the studies according to the WHO regions. It should be noted that not all the studies were used in our study, and only the studies that met the criteria were included in the meta-analysis. Table 3 shows the results of meta-analysis for different refractive errors according to the age group and WHO region.
Prevalence of myopia
We evaluated 157 studies for myopia. A review of the literature showed different definitions of myopia. Of 157 articles, 130 defined myopia based on a cut point of SE À0.5 diopter (D) or SE < À0.5 D, of which 67 were conducted on children, and 63 were conducted on adults. Of 67 articles on children, 49 (73.1%) used the cut point of SE À0.5 D and of 63 articles on adults, 50 (79.4%) used the cut point of SE < À0.5 D, which showed a significant difference (P < 0.001). Therefore, we used the cut point of SE À0.5 D in children and SE < À0.5 D in adults for myopia in our metaanalysis.
The total sample size of the 49 articles on children that were included in the meta-analysis was 606,155 children. As shown in Fig. 2 and Table 3 , the EPP of myopia was 11.7% [95% confidence interval (CI): 10.5e13.0] in all children based on SE À0.5 D. As seen in Fig. 2 , according to the WHO regions, the EPP of myopia in children ranged from 4.9% in South-East Asia to 18.2% in the Western Pacific region.
The total sample size of the 50 studies on adults that were included in the meta-analysis was 233,025 participants. The results of meta-analysis based on SE < À0.5 D showed that the EPP of myopia was 26.5% (95% CI: 23.4e29.6) in adults. Myanmar had the highest prevalence (51.0%), and India had the lowest prevalence (4.4%). According to Fig. 3 and Table 3 , South-East Asia and the Americas had the highest and lowest EPP of myopia, respectively (32.9% vs. 16.2%). Fig. 4 shows the trend of myopia from 1993 to 2016. The results of metaregression showed that the prevalence of myopia increased from 1993 (10.4% 95% CI: 7.5e13.6) to 2016 (34.2%: 27.6e40.7) (coefficient ¼ 0.004, 95% CI: À0.001e0.009, P ¼ 0.097).
Prevalence of hyperopia
The prevalence of hyperopia was reported in 146 articles. Although there were different cut points to define hyperopia, a common point in children who underwent cycloplegic refraction was the use of SE ! þ2 D as the cut point. We also considered this cut point for children who underwent cycloplegic refraction. As for adults, since about 74% of the studies used SE > þ0.5 D to define hyperopia, we also adopted this cut point for the meta-analysis of hyperopia.
A total of 91 articles were included in the meta-analysis of hyperopia, 45 of which were conducted on children (cycloplegic refraction, SE ! þ2 D) and 46 on adults (non-cycloplegic refraction, SE > þ0.5 D).
The total sample size of the 45 articles analyzed for children was 200,995 participants. The results of meta-analysis of hyperopia in children are presented in Table 3 and Fig. 5 . The EPP of hyperopia was 4.6% (95% CI: 3.9e5.2) in children. According to the WHO regions, the lowest and highest EPP was seen in South-East Asia (2.2%, 95% CI: 1.2e3.3) and the Americas (14.3%, 95% CI: 13.4e15.2), respectively. The total sample size of the 46 articles analyzed for adults was 199,691 participants. The results of meta-analysis of hyperopia in adults are presented in Table 3 and Fig. 6 .
The EPP of hyperopia was 30.6% (95% CI: 26.1e35.2) in adults. Based on the results of meta-analysis, Africa had the highest EPP of hyperopia (38.6%, 95% CI: 22.4e54.8) followed by the Americas (37.2%, 95% CI: 25.3e49) while Europe had the lowest EPP (23.1%, 95% CI: 6.1e40.2). The trend of hyperopia was not significant in the past three decades (coefficient: À0.005: 95% CI: À0.012 to 0.002, P ¼ 0.196) (Fig. 7) .
Prevalence of astigmatism
The definition of astigmatism in epidemiologic studies has less variation. The results of 135 studies on astigmatism were collected which used different cut points to define astigmatism. A cylinder power !0.5 D and a cylinder power >0.5 were more common definitions in epidemiologic studies. The most common cut point was a cylinder power >0.5 D according to which 82 out of 135 articles on astigmatism were included in the meta-analysis. Considering the changes of astigmatism with age, the articles were divided to those conducted on children and adults. For studies that evaluated age groups above 1 year of age, the data of adults and children were analyzed separately.
48 articles were included in the meta-analysis for children with a total sample size of 152,570 participants. According to Table 3 and Fig. 8 , the EPP of astigmatism was 14.9% (95% CI: 12.7e17.1) in children. According to WHO regions, the lowest EPP was seen in South-East Asia (9.8%) while the highest EPP was seen in the Americas (27.2%) followed by the Eastern Mediterranean region (20.4%).
For adults, 34 articles with a total sample size of 122,436 participants were included in the meta-analysis. The results showed that 40.4% (95% CI: 34.3e46.6) of adults had astigmatism (Fig. 9) . However, astigmatism showed a lot of variation in different WHO regions; the highest EPP of astigmatism was seen in the Americas, and the lowest EPP was seen in Africa (11.4% vs. 45.6). However, it should be noted only one study was conducted in the Americas. After the Americas, South-East Asia had the highest EPP of astigmatism (44.8%, 95% CI: 36.6e53.1). The trend of astigmatism was not significant in the past three decades (coefficient: 0.003: 95% CI: À0.006 to 0.011, P ¼ 0.559).
Discussion
Refractive errors are the most common visual problems. 1 Due to their importance, many studies have evaluated their epidemiology, etiology, and treatment methods. Numerous studies across the world have reported the prevalence of refractive errors as an index of descriptive epidemiology, and it may be the only field in refractive errors which includes reports from almost every corner of the world. The distribution of refractive errors is clear in some parts of the world according to previous studies; for example, we already know that myopia is prevalent in East Asian countries. However, despite the considerable number of studies on the prevalence of refractive errors, few studies have reviewed the epidemiology of refractive errors systematically to show the status of refractive errors across the world. Due to the importance of refractive errors and scarcity of review and meta-analysis studies in this regard, we evaluated the prevalence of refractive errors systematically in this metaanalysis. The results of different studies in different age groups showed that prevalence of myopia ranged from 0.8% in children aged 6e11 years in Laos 79 to 86.5% in 15e19-year-old Chinese 89 children. However, defining myopia as SE < À0.5 D in adults and SE À0.5 D in children and considering the results of cycloplegic refraction in children limited this range. The EPP of myopia was about 11.7% in children, ranging from 0.8% in Laos 79 to 47.3% in China. As mentioned earlier, the lowest prevalence of myopia was seen in South-East Asia, and the highest prevalence was seen in the Western Pacific region. Previous studies showed myopia aggregation in South-East Asian countries while according to this meta-analysis, myopia aggregation in children is seen in the Western Pacific region. 7 However, it is rather difficult to explain the low prevalence of myopia in South-East Asian children, but it seems that one of the reports from Nepal 63, 77, 93, 170 with a very large sample size decreased the estimated prevalence of myopia in this region.
In adults, the prevalence of myopia ranged from 4% to 51%, and the EPP of myopia was 26.5%. The highest prevalence of myopia in adults was seen in South-East Asia, and the lowest prevalence was seen in the Africa. A comparison of the results of myopia in children and adults suggests different questions and hypotheses as to why children have the lowest and adults have the highest prevalence of myopia in SouthEast Asia. It seems that the limited number of studies on children in South-East Asia is one of the reasons for this finding while there is more variation in adults. On the other hand, in South-East Asia, only studies on children and adults from India were included in our meta-analysis; therefore, it may be rather difficult to make a comparison and the finding may be influenced by the Indians' race.
It seems that in countries like South-East Asian countries where the prevalence of myopia is low in children and high in adults, environmental factor have a more prominent role than genetic and ethnic factors, or the genes responsible for myopia in these individuals are expressed at higher ages.
It has been previously shown that some genes are responsible for myopia; however, it is well documented that the genes cannot cause myopia per se. 7 In 1969, a study 171 was conducted on Eskimos in northern Alaska whose living conditions were about to change. Only 2 out of 131 adults who grew up in isolated communities had myopia whereas more than half of their children and grandchildren were myopic.
Regarding this meta-analysis, we believe that countries like China and Singapore that are categorized under the Western Pacific region have genetic differences with the current SouthEast Asian countries because the distribution of myopia in childhood and adulthood is similar in these countries. With regards to the high prevalence of myopia in children and adults in Europe, we believe that the role of genetic and ethnic factors is more important than environmental factors.
As mentioned earlier, children in South-East Asia had the lowest and children in the Americas had the highest prevalence of hyperopia. In adults, Africans and Americans had the highest and Europeans had the lowest prevalence of hyperopia. It is a little perplexing to explain the results; however, the results of meta-analysis showed a high prevalence of hyperopia in American children and adults. Moreover, although the prevalence of hyperopia in African adults was a little higher than American adults, its prevalence was higher in American children. Emmetropization may play a role in this regard, and in addition to ethnic and genetic factors, differences in computerization and lifestyle changes may have contributed to increased prevalence of hyperopia in African and American regions as compared to other parts of the world. The role of myopization in hyperopia becomes more prominent when we consider the results of Europe where the prevalence of hyperopia is the lowest and the prevalence of myopia ranks second.
The results of our meta-analysis showed that about 15% of children and 40% of adults had astigmatism. However, the prevalence of astigmatism has a great variation in different studies, ranging from 0.3% in Thailand 83 to 91.9% in Benin. 44 The use of a cylinder power >0.5 D as the cut point in our study limited this range. Although part of the variation can be due to differences in age groups, we observed this variation in both adults and children. As mentioned earlier, the lowest and the highest prevalence of astigmatism in children was seen in South-East Asia and the Americas, respectively. However, according to Table 3 , the Eastern Mediterranean and Western Pacific regions have the highest variation in the prevalence of astigmatism. One of the limitations of the studies conducted in the Eastern Mediterranean region is that most of them are from Iran, 106e111,117,119e121,124e129,132,138,141,150,155,156,172e175 which makes conclusion difficult, although a range of 6.6e51.4% for astigmatism in Iran is also noticeable.
The highest and the lowest prevalence of astigmatism was seen in American and African adults, respectively. However, the details of the results presented in tables and figures reject this finding. After the Americas, South-East Asia followed closely by the Western Pacific region had a high prevalence of astigmatism. The only eligible study for astigmatism analysis in the Americas was conducted on Chinese people living in the USA; therefore, it is in fact related to the Western Pacific region. Ethnic and racial differences may have a more prominent role in astigmatism in comparison with myopia and hyperopia. 176 It seems that the eyelid and palpebral fissure shape in South-East Asian and some Western Pacific countries is the major cause of high astigmatism in these people. 176 A great part of the high prevalence of astigmatism in Western Pacific countries is due to the high prevalence of astigmatism in Chinese people.
The findings of this meta-analysis provide a new perspective of the status of refractive errors across the world based on the WHO classification. As mentioned earlier, the prevalence of myopia, hyperopia, and astigmatism in children was lower in South-East Asian countries in comparison with other WHO regions while in adults, the highest prevalence of myopia was seen in SouthEast Asia. On the other hand, the prevalence of hyperopia was high in both children and adults in American countries. Therefore, it seems that environmental factors may have a more important role in myopia since children are not myopic, and its prevalence is higher in adults in regions where near work is more common. 7 On the other hand, ethnic and genetic factors could have a more prominent role in hyperopia since the highest prevalence of hyperopia was seen in American children and adults.
The results of myopia and astigmatism in children and adults are interesting. The lowest and highest prevalence of myopia and astigmatism was seen in South-East Asian children and adults, respectively. It should be noted that common factors can cause myopia or astigmatism. The relationship between near work and myopia has been shown in different studies. 177, 178 Some studies have reported that near work causes astigmatism due to incyclotorsion. 179, 180 On the other hand, there are reports that 15-year-old children in some Asian countries spend more time on near work than their counterparts in some countries like UK and USA. 7 Therefore, it is possible that near work in this age group has caused astigmatism in non-astigmatic children due to incyclotorsion, manifesting the problems of astigmatism and myopia in adulthood. However, the role of ethnic, genetic, and environmental factors should be taken into account, as well.
Squinting can cause astigmatism, especially with the rule (WTR) astigmatism, in myopic patients and myopia in astigmatic patients. 181 Previous studies have shown the relationship between astigmatism and myopia.
181e183 However, the use of the SE in epidemiologic studies should not be overlooked. Considering the fact that astigmatism is part of the SE with a minus sign, this index is considered myopia in a spherically emmetropic individual due to a negative cylinder power. Therefore, part of this relationship can be due to the use of SE.
Our results showed that the prevalence of myopia had an increasing trend in the past three decades. Many studies have reported that myopia is becoming an epidemic, especially in East Asian countries, but few meta-analyses have confirmed this finding. The results of our meta-regression confirmed the increasing trend of myopia. Different reasons can be mentioned for the increase in the prevalence of myopia worldwide, including lifestyle changes and ever-increasing use of the computer and computer-related systems resulting in increased near work. Different studies have evaluated the mechanism of developing myopia following near work. Increased lens thickness and the pressure of the ciliary muscle on the globe wall increase the axial length (AL) during accommodation. Some researchers believe that optical changes during accommodation (increased accommodative lag or increased higher order aberration) can change the choroidal thickness, resulting in AL changes during near work. 184 However, it should also be noted that myopic patients are more interested in near work. In addition to the effect of near work, more and more people use computers for their daily activities as a result of computerization, and are not therefore engaged in outdoor activities. 177, 181, 185 The hypothesis of the effect of outdoor activity on myopia has been tested in many studies. 178, 185 A recent clinical trial showed that the incidence of myopia was about 10% lower in children who were engaged in outdoor activities. 185 Other studies have confirmed this finding as well. 178, 186 According to this hypothesis, the factor that prevents myopia in outdoor activity is light. Some studies 187, 188 have shown the role of intense light in the prevention of myopia formation. The mechanism is that light stimulates the secretion of dopamine in the retina which in turn prevents ocular elongation during the process of ocular development and prevents myopia. Finally, the age cohort effect should not be forgotten.
According to our results, astigmatism and hyperopia did not have a significant trend in the past three decades. As mentioned earlier, although the trend of hyperopia was not significant, the prevalence of hyperopia had a decreasing trend from 1990 to 2016 with a regression coefficient similar to myopia. First, we believe that the non-significant trend of hyperopia during these three decades may be due to the lower number of studies in hyperopia analysis. Second, more variation in the results of hyperopia versus myopia during the three decades may play a role the non-significant trend of hyperopia. However, the results of this meta-analysis propose the hypothesis that the decrease in the prevalence of hyperopia may be due to the increase in the prevalence of myopia in these years.
Considering the stability of the trend of astigmatism, although an increase was expected in its trend as in myopia, it seems that the role of outdoor activity in myopia is more prominent than near work because near work was expected to have a similar effect on the trend of astigmatism as well.
Lack of studies in many countries and lack of studies in each year in many countries were among the limitations of our study. Many studies were not included in the final analysis because they used different criteria for the detection of refractive errors or because we only analyzed the studies published in English. An important limitation of many studies was that they did not use cycloplegic refraction in children which caused us limitations in the analysis of refractive errors in individuals under 20 years of age. Although we tried to include studies with similar criteria in the analysis, these exclusion criteria may have biased the results. We did not evaluate different categories of refractive errors as low, moderate, or high myopia or hyperopia. Although there was great heterogeneity in the results of the studies, we tried to address the differences among studies through subgroup analysis and using a random effects model. Despite the above limitations, this is the first study to show the overall prevalence of refractive errors according to WHO regions regardless of any categorization, which can be considered the most important advantage of the study.
In conclusion, this meta-analysis showed the prevalence of myopia, hyperopia, and astigmatism in children and adults separately according to WHO regions for the first time. The results showed that astigmatism, hyperopia, and myopia were the most common refractive errors in children and adults in the mentioned order. Children in South-East Asia had the lowest prevalence of astigmatism, hyperopia, and myopia as compared to other WHO regions, while the highest prevalence of myopia and astigmatism was seen in South-East Asian adults. The highest prevalence of hyperopia in children and adults was seen in the Americas. A direct correlation was found between the prevalence of myopia and astigmatism in most WHO regions. The trend of myopia has increased linearly in the past three decades, maybe as a result of increased indoor activity due to computerization in recent years.
